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(54) Large volume ink supply system 

(57) An ink delivery system (50) and method for con- 
tinuously replenishing ink to a printhead cartridge is de- 
scribed. A primary ink reservoir (60) is connected to a 
vented intermediate tank (62) using a hollow needle that 
pierces a septum in the primary ink reservoir. The inter- 
mediate ink tank is connected via tubing to a print ink 
container in the printhead cartridge. Ink is gravity fed 
from the primary ink reservoir to the intermediate ink 



tank. When the primary reservoir (60) is empty, the ink 
level in the intermediate tank will drop. The level of ink 
in the intermediate tank is monitored with level sensors 
that provide a signal indicating when the primary reser- 
voir needs to be replaced. An operator can replace the 
primary reservoir without suspending printer operations 
because the intermediate inktank provides the required 
volume of ink at the back pressure needed by the print- 
head cartridges. 
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Description 

[0001] The present invention relates to ink jet printers, 
and more specifically to an ink supply system for an 
inkjet printer. 5 
[0002] Inkjet type printers typically employ a print 
head/cartridge which is moved in a transverse fashion 
across a print media. Contemporary disposable ink jet 
print cartridges typically include a self-contained ink res- 
ervoir, a jet plate assembly supporting a plurality of ink 10 
jet nozzles in combination with the ink reservoir, and a 
plurality of external electrical contacts for connecting the 
ink jet nozzles to driver circuitry. 

[0003] Different types of ink jet printers form their 
droplets of ink employing different methods. There are *5 
several technologies used by printer manufacturers, 
with one popular technique being thermal jet. In a ther- 
mal jet printer, resistors create heat which vaporizes Ink 
to create a bubble within a print nozzle. The expansion 
causes the nozzle to eject a droplet of ink onto the me- 20 
dia. For a printer of this type there may be hundreds of 
these nozzles on the print head. Print head failure is usu- 
ally due to failure of the resistors used to heat the ink in 
proximity to each nozzle. Due to relatively low resistor 
failure rates, the print head assemblies used in the cur- 25 
rently available disposable ink jet cartridges are fully 
suitable for continued printing even after the original ink 
reservoir has been depleted. 

[0004] Thus, one problem which can exist with ink jet 
printers of this type is that the inkjet cartridges are quick- 30 
ly depleted of their relatively small quantities of ink. The 
disposal of these ink jet cartridges which are still able to 
perform adequately, except for the lack of ink in their 
supply containers, is wasteful. As a result, it is known in 
the art to manually replenish the ink reservoir within the 35 
disposable inkjet cartridge. However, manually refilling 
the disposable printhead cartridges is often messy and 
difficult because many disposable ink jet cartridges are 
not designed with refilling in mind. 

[0005] Other conventional printers include replacea- 40 
ble ink tanks containing larger reservoirs of ink which 
are located external to the inkjet cartridges. The exter- 
nal ink reservoirs are connected respectively to the ink 
supply reservoirs inside the ink jet cartridges in such a 
manner that ink is fed to the supply containers of the 45 
cartridges as ink is ejected. 

[0006] Typical printer designs don't allow for replace- 
ment of large volume ink tanks during printing because 
the external ink supply reservoir is responsible for clos- 
ing the system to maintain backpressure in the print car- so 
tridge while keeping a supply of ink flowing to the car- 
tridge. In these systems, printing operations must be 
suspended when the tank is replaced. This can cause 
irregularities on the print media if the ink reservoir runs 
out of ink during the middle of a print job, requiring the 55 
need to scrap the print media and start over. 
[0007] In one embodiment, the invention includes an 
ink delivery system for continuously supplying ink to an 



inkjet printer. The ink delivery system includes a primary 
ink reservoir having a box-like housing defining an inte- 
rior cavity, and a sealed collapsible bag for holding a 
supply of ink, wherein the collapsible bag comprises a 
septum at a connection portion of the bag, wherein the 
collapsible bag is positioned in the interior cavity of the 
housing such that a portion of the top of the collapsible 
bag remains at a substantially constant level. The sys- 
tem further includes an intermediate ink tank, and a first 
ink path connected between the primary ink reservoir 
and the intermediate ink tank for conveying ink between 
the primary ink reservoir and the intermediate ink tank. 
The first ink path has a hollow needle and an a valve, 
wherein the needle is configured to removably pierce 
the septum in the collapsible bag to provide an ink flow 
path from the primary ink reservoir to the intermediate 
ink tank. The system also Includes a printhead cartridge 
and a second ink path connected between the interme- 
diate ink tank and the printhead cartridge for conveying 
ink between the intermediate ink tank and the printhead 
cartridge. 

[0008] In another embodiment, the invention also in- 
cludes a method of replacing an ink reservoir while ink 
is being expelled from nozzles of an ink jet cartridge. 
The method includes routing ink from a sealed collaps- 
ible bag to a vented ink tank by inserting a hollow needle 
which is f luidly connected to the vented ink tank through 
a septum in the collapsible bag; routing ink from said 
vented ink tank to a printhead cartridge, allowing ink to 
flow from the intermediate tank to a printhead cartridge 
to replace ink used during printer operations and replac- 
ing the collapsible bag when the collapsible bag is sub- 
stantially empty of ink by removing the hollow needle 
from the septum in the substantially empty collapsible 
bag and inserting the needle through a septum of a full 
collapsible bag. In another embodiment, the invention 
also includes monitoring the ink level in the intermediate 
tank with a fluid level sensor. 

[0009] Another embodiment of the invention is a 
method of continuously supplying ink to an inkjet printer 
during printer operations such that printer operations 
are not suspended during replenishment of the ink sup- 
ply. The method includes routing ink from a sealed col- 
lapsible bag to a vented ink tank and routing ink from 
said vented ink tank to a printhead cartridge. 
[0010] These and other objects and features of the in- 
vention will become more fully apparent from the follow- 
ing description and appended claims taken in conjunc- 
tion with the following drawings, where like reference 
numbers indicate identical or functionally similar ele- 
ments. 

[0011] Figure 1 is a schematic diagram of an ink sup- 
ply system with a bag-in-box reservoir, an intermediate 
tank and a printhead cartridge according to one embod- 
iment of the invention. 

[0012] A detailed description of a preferred embodi- 
ment of the invention is provided below. While the in- 
vention is described in conjunction with that preferred 
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embodiment, it should be understood that the invention 
is not limited to any one embodiment. On the contrary, 
the scope of the invention is limited only by the append- 
ed claims and the invention encompasses numerous al- 
ternatives, modifications and equivalents. For the pur- 
pose of example, numerous specific details are set forth 
in thefollowing description in orderto provide a thorough 
understanding of the present invention. The present in- 
vention may be practiced according to the claims with- 
out some or all of these specific details. For the purpose 
of clarity, technical material that is known in the technical 
fields related to the invention has not been described in 
detail so that the present invention is not unnecessarily 
obscured. 

[0013] Referring to Figure 1 , one embodiment of an 
ink supply system 50 in accordance with principles of 
the invention includes a primary, replaceable ink reser- 
voir, also referred to as a bag-in-box reservoir 60, an 
intermediate ink tank 62, and a refillable printhead car- 
tridge 64. The printhead cartridge 64 is typically mount- 
ed on a moving print carriage (not shown) and ejects ink 
onto a print media. An ink tube 66 connects the inter- 
mediate ink tank 62 to the printhead cartridge 64 so as 
to transfer ink from the intermediate ink tank 62 to the 
printhead cartridge 64. It will be appreciated that a four 
color printer has four printhead cartridges 64 and four 
sets of primary ink reservoirs and intermediate ink tanks, 
only one set of which is shown for clarity. 
[0014] In one embodiment, the bag-in-box reservoir 
60 includes a rigid, box-shaped housing 70 with a 
sealed, collapsible bag 72 inside the housing 70. Alter- 
nately, the housing 70 can be other shapes, such as a 
cylinder or the like. The housing 70 configured so that 
the interior of the housing is open to the atmosphere. 
The collapsible bag 72 resides inside the housing 70 
and is filled with ink. Preferably, the collapsible bag 72 
is filled only with ink such that it is substantially free of 
entrapped air. The collapsible bag 72 includes a fluid 
connection 74 for coupling the collapsible bag 72 with 
the intermediate ink tank 62. As will be explained below, 
ink is routed from the fluid connection 74 in the collaps- 
ible bag 72 through an interface module 83 to the inter- 
mediate ink tank 62. 

[0015] In one embodiment, the fluid connection 74 is 
a self-sealing septum 75 as are commonly used in the 
field. The septum 75 is used to interface the collapsible 
bag 72 with a hollow needle 76 attached to the interface 
module 83. When the needle 76 is inserted through the 
septum 75, ink can flow from the collapsible bag 72 
through the needle 76 to the intermediate tank 62. When 
the needle is removed from the septum 75, the septum 
75 seals itself such that ink will not leak or drip from the 
collapsible bag 72. 

[0016] A mechanically actuated valve 80 in the inter- 
face module 83 is located between the needle 76 and 
an inlet port 78 of the intermediate ink tank 62. The valve 
80 controls the flow of ink through the needle 76. In one 
embodiment, when the needle 76 is inserted through the 



septum 75, the valve 80 automatically opens thereby al- 
lowing ink to flow from the collapsible bag 72 to the in- 
termediate ink tank 62. When the needle 76 is removed 
from the septum 75, the valve 80 automatically shuts, 
5 substantially preventing ink from draining from the inter- 
mediate ink tank 62 back through the needle 76. As a 
variety of self-actuating valves of this type are commer- 
cially available, further details about the valve 80 will not 
be provided. 

10 [0017] In one embodiment, the intermediate ink tank 
62 is mounted to the printer and includes a housing 82 
having the inlet port 78 and an outlet port 84. In one 
embodiment, the intermediate tank is positioned such 
that during printing operations, the intermediate ink tank 

15 62 contains a volume of ink and a volume of air. The 
intermediate ink tank 62 is vented to the atmosphere via 
a vent valve 86. The vent valve 86 permits the passage 
of air, but substantially prevents the passage of fluid. 
Thus, the intermediate tank 62 is vented to the atmos- 

20 phere, but ink cannot escape the intermediate ink tank 
62 through the vent valve 86. Additionally, the vent valve 
86 prevents ink from spilling from the intermediate tank 
62 during shipping or movement of the printer. The ink 
tube 66 connects the outlet 84 to the printhead cartridge 

25 64, or any other device requiring ink delivery. 

[0018] The intermediate ink tank 62 and the bag-in- 
box reservoir 60 are mounted such that the placement 
of the fluid connection 74 of the collapsible bag 72 cor- 
responds to a desirable level of ink in the intermediate 

30 ink tank 62 during normal printing operation. One skilled 
in the art will understand that the height difference AH 
between the level of the ink in the intermediate ink tank 
62 and the jet plate on the bottom surface of the car- 
tridge 64 determines the back pressure in the printhead 

35 cartridge 64. 

[0019] In one embodiment, the placement of the in- 
termediate tank 62 is such that the volume of air in the 
intermediate tank 62 is sufficient to accommodate a vol- 
ume of ink contained in the ink tube 66 in the event the 

40 ink tubing 66 should de-prime and drain back into the 
intermediate tank 62. In another embodiment, the air 
volume is designed to be substantially zero, relying on 
the vent valve 86 to block fluid flow and not allow the ink 
in the ink tube 66 to drain out in the event that the ink 

45 tube 66 looses its prime. 

[0020] During printing operations, as the printhead 
cartridge 64 ejects ink onto the print media, ink flows 
from the intermediate tank 62 to the printhead cartridge 
64 through the ink tube 66. As the ink level in the inter- 
so mediate tank 62 lowers, ink flows from the collapsible 
bag 72 to the intermediate ink tank 62, thereby main- 
taining the level of ink in the intermediate ink tank 62. 
Thus, the bag-in-box reservoir 60 constantly replenish- 
es the ink in the printhead cartridge 64 via the interme- 
55 diate ink tank 62 during printing operations. An operator 
only needs to replace the bag-in-box reservoir 60 in or- 
derto replenish the ink supply of the printhead cartridge 
64, eliminating any need to pour ink into an ink reservoir 
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or manually refill the printhead cartridge 64. 
[0021] Because the intermediate ink tank 62 provides 
the necessary cartridge back pressure, the bag-in-box 
reservoir 60 can be changed during printing operations 
without affecting the pressure in the printhead cartridge 
64 or disrupting the print operations. When the needle 
76 is removed from the septum 75 to remove the bag- 
in-box reservoir 60, the valve SO closes and the inter- 
mediate ink tank 62 performs as a stand-alone reservoir 
for the printhead cartridge 64. As printing continues, the 
level of ink in the intermediate reservoir 62 will lower. 
However, the volume of ink in the intermediate ink tank 
62 provides a buffer of time during which the bag-in-box 
reservoir 60 can be replaced. When the bag-in-box res- 
ervoir 60 is replaced and the needle 76 is inserted in the 
septum 75, valve 80 opens and the level of ink in the 
intermediate ink tank 62 returns to the level correspond- 
ing to the level of the fluid connection 74 of the collaps- 
ible bag 72. 

[0022] In one embodiment, the intermediate ink tank 
62 has a level sensing system to determine when the 
collapsible bag 72 is empty. The housing 82 has first and 
second fluid level sensors 90 and 91 located below the 
normal operating fluid level in the intermediate ink tank 
62 but above the fluid outlet port 84. When the volume 
of ink in the collapsible bag 72 is depleted, the level of 
ink in the intermediate ink tank 62 lowers below the level 
of the fluid connection 74. When the level of ink in the 
tank 62 reaches thefirst fluid level sensor 90, the sensor 

90 alerts the user (via firmware, for example) that a new 
bag-in-box reservoir 60 must be inserted within a certain 
time duration. 

[0023] In the event the bag-in-box reservoir 60 is ex- 
hausted of its ink supply and is not replaced, the ink level 
of the intermediate tank 62 will eventually reach the sec- 
ond fluid level sensor 91 . The second fluid level sensor 

91 may cause the printer to suspend printing operations 
until a new bag-in-box reservoir 60 is inserted and the 
ink level in the intermediate ink tank 62 rises above a 
certain level, such as the level of the first fluid level sen- 
sor 90. The suspension of printing is enacted to maintain 
the ink level in the intermediate ink tank 62 above the 
fluid outlet 84 so as to discourage the introduction of air 
into the ink tube 66. 

[0024] The bag-in-box ink system provides a clean 
method of replenishing ink in the printhead cartridges 
64. Also, using this "on the fly" replacement system, a 
user can replenish the ink supply without having to sus- 
pend printing operations. In addition, the intermediate 
ink tank 62 enables the use of the entire contents of the 
collapsible bag 72 without decreased print quality 
caused by unstable pressures as a result of running out 
of ink during printing operations. 



Claims 



1 . An ink delivery system for supplying ink to an ink jet 



printhead cartridge from a replaceable ink reservoir 
such that printer operations need not be suspended 
during replacement of the ink reservoir character- 
ized by: a vented reservoir of ink coupled between 
5 the replaceable ink reservoir and the ink jet car- 
tridge, and a fluid path routing ink from the replace- 
able ink reservoir to said printhead cartridge 
through the vented reservoir. 

10 2. The ink delivery system of Claim 23 wherein: 

the replaceable ink reservoir includes a sealed 
collapsible bag for holding a supply of ink, the 
collapsible bag having a septum at a connec- 
ts tion portion of the bag wherein the collapsible 
bag is positioned in the interior cavity of a hous- 
ing such that a portion of the top of the collaps- 
ible bag remains at a substantially constant lev- 
el, and 

20 the fluid path connecting the replaceable ink 

reservoir and the vented reservoir includes a 
hollow needle and a valve, wherein the needle 
is configured to removably pierce the septum 
in the collapsible bag to provide an ink flow path 

25 from the replaceable ink reservoir to the vented 

reservoir. 



The ink delivery system of Claim 2, wherein when 
the needle pierces the septum, the valve automat- 
ically opens enabling ink to flow from the replacea- 
ble ink reservoir to the vented reservoir through the 
fluid path, and when the needle is removed from the 
septum, the valve automatically shuts. 

The ink delivery system of Claim 1, wherein the 
vented reservoir comprises a vent valve that vents 
the vented reservoir to atmospheric pressure, al- 
lows the passage of air, and inhibits the passage of 
ink. 

The ink delivery system of Claim 1 , wherein ink is 
gravity fed from the replaceable ink reservoir to the 
vented reservoir. 

A method of replacing an ink reservoir while ink is 
being expelled from nozzles of an ink jet cartridge, 
the method comprising: 

routing ink from a sealed collapsible bag to a 
vented ink tank by inserting a hollow needle 
which is fluidly connected to the vented inktank 
through a septum in the collapsible bag; 
routing ink from said vented ink tank to a print- 
head cartridge; 

allowing ink to flow from the intermediate tank 
to a printhead cartridge to replace ink used dur- 
ing printer operations; 

disconnecting the substantially empty collapsi- 
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ble bag from the vented ink tank; 
connecting a full collapsible bag by inserting 
the needle into the full collapsible bag; and 
continuing to rout ink from said vented ink tank 
to said printhead cartridge. 

7. The method of Claim 6, further including monitoring 
the ink level in the intermediate tank with a fluid level 
sensor. 

8. The method of Claim 6, wherein the septum is a 
setf-sealing septum. 
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tinuously replenishing ink to a printhead cartridge is de- level in the intermediate tank will drop. The level of ink 

scribed. A primary ink reservoir (60) is connected to a in the intermediate tank is monitored with level sensors 

vented intermediate tank (62) using a hollow needle that that provide a signal indicating when the primary reser- 

pierces a septum in the primary ink reservoir. The inter- voir needs to be replaced. An operator can replace the 

mediate ink tank is connected via tubing to a print ink primary reservoir without suspending printer operations 

container in the printhead cartridge. Ink is gravity fed because the intermediate ink tank provides the required 

from the primary ink reservoir to the intermediate ink volume of ink at the back pressure needed by the print- 
head cartridges. 
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